Materials and methods
Sample preparation 15 N-labeled and unlabeled ubiquitin and the FAAP20 UBZ domain were expressed and purified as previously described 1 . Concentrations of the purified protein samples were determined by the UV absorption at 280 nm. Two NMR samples were prepared. The first sample contains 1.33 mM of 15 N-labeled ubiquitin mixed with a 4.5% molar ratio of unlabeled FAAP20 UBZ. The second NMR sample contains 1.4 mM 15 N-labeled FAAP20 UBZ mixed with a 4.66% molar ratio of unlabeled ubiquitin. The NMR buffer contains 25 mM sodium phosphate (pH 7.0), 100 mM KCl, and 10% D 2 O.
NMR spectroscopy 2D HN dec -CEST experiments were recorded with a CEST mixing time of 95 ms at 25 C on a Bruker 700 MHz spectrometer equipped with a room temperature 1 H/ 13 C/ 15 N tripleresonance probe for the sample of 15 N-labeled ubiquitin in complex with 4.5% unlabeled FAAP20 UBZ. Three datasets were collected at the experimentally determined 1 H B 1 fields of 14.8 Hz, 21.7 Hz, and 29.5 Hz, covering the chemical shift range from 7.1 ppm to 11.2 ppm with step sizes of 15 Hz, 22 Hz, and 30 Hz, respectively. The 1 H B 1 field inhomogeneity was determined to be 7.9% based on measured intensities of isolated signals following a series of hard pulses with flip angles from 0 to 780. The signal loss of the longitudinal two-spin order 2H z N z caused by the nitrogen decoupling during the CEST period was determined by measurements with and without the WALTZ16 15 N-decoupling scheme for a remote, offresonance 1 H CEST frequency. NMR data were processed using NMRPipe 2 . The experimentally measured chemical shift differences of five ubiquitin residues in the apo state and in the FAAP20 UBZ-bound state 1 were used for comparison with those derived from the HN dec -CEST measurements.
In order to demonstrate the reliability of the HN dec -CEST experiment for measuring the exchange rate and excited state population from individual signals and from global fitting, we also carried out the 15 N-CEST experiment 3 with a CEST mixing time of 300 ms. Three data sets were collected at the experimentally measured 15 N B 1 fields of 16 Hz, 23 Hz, and 31 Hz, covering the chemical shift range from 94 ppm to 141.8 ppm with step sizes of 15 Hz, 22 Hz, and 30 Hz, respectively. NMR data were processed using NMRPipe 2 . The 15 N B 1 field inhomogeneity was measured to be 6.7% based on hard nitrogen pulses with flip angles from 0 to 870. As fitting of the 15 N-CEST profiles using separate transverse relaxation rates for the excited state ( 2 E R ) and ground state ( 2 G R ) of individual residues did not improve the outcome (compare Tables S3 and S4 ), the final fitting was carried out by assuming equal transverse relaxation rates for the ground and excited states for individual residues (Table S3 ).
In order to illustrate the benefit of the HN dec -CEST experiment in the situation of limited heteronuclear chemical shift difference between the ground and excited states, 1D HN dec -CEST experiment and 15 N-CEST experiments were carried out for the isolated HN signal of the tryptophan sidechain of W180 of 15 N-labeled FAAP20 UBZ in the presence of 4.66% unlabeled ubiquitin. Three proton spinlocks of 14.3 Hz, 21.2 Hz and 28.9 Hz with a CEST mixing time of 95 ms were used for the 1D HN dec -CEST experiment at step sizes of 10 Hz, 20 Hz, and 25 Hz, respectively. The proton B 1 field inhomogeneity and signal loss due to nitrogen decoupling during the CEST period were experimentally determined to be 7.3% and 4%, respectively. Three nitrogen spinlocks of 15.9 Hz, 23.1 Hz, and 31.4 Hz with a CEST mixing time of 400 ms were used for the 1D 15 N-CEST experiment at step sizes of 15 Hz, 22 Hz, and 30 Hz, respectively.
The nitrogen B 1 field inhomogeneity (6.7%) was determined experimentally. Supplementary Figure S1 . Examples of the oscillating HN dec -CEST profiles due to the short CEST transfer time. The CEST profiles were collected using 15 N-labeled protein G B1 domain 4, 5 by monitoring the isolated tryptophan sidechain signal of W43 at the step size of 1 Hz, with proton B 1 fields at 10 Hz (blue), 20 Hz (maroon) and 30 Hz (light green). 
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